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fLISaBy^AGE 

1 



The invention relates to oilfield dowhhole opeiations. More particularly, the 
invntion relates to a swage device for refolming a defoxmable junction in a deviated 
weUbore. 



As is well known to those of sldll injthe art, lefoimable defonned junctioos 
have been known to the oilfield art The be|iefit of a defonned junction is that the 
junction is easily transported throu^ the caking of a wdlbore or an open hole wellbore 
to its final destination at a junction betweeQ|a primaiy and lateral borehole. Once the 
junction is properly positioned, it is refonn^ into a Y-shaped junction to assist in 
completing the wellbore. In the fully refon|ed condition of the junction, the outer 
dimensions are generally greater than the in^de diameter QD) of the casing or open 



hole. Thus, ofcouzse, it wcHild be rather difficdt to instaU^^^ 
nndefoimed cmdhioiL Many methods have been used to refoim the defonned joncdon 
bdie borehole. One ofthe prior art medK)ds has been to employ a swaging device. 
Swaging devices generally comprise a conical or fiustoconical hardened member 
having an outside diameter (OD) as laige as possible while being passable through the 
wellboxe casing or the open bole. This swage is forced to travel throng a previously 
positioned defonned junction whenby the junction is refoimed into an operational 
position. Where the junctimi is located in a vertical or near vertical wellbore, setdown 
wei^t alone often is sufficient to generate the qiproximatdy 100,000 pounds offeree 
required to refomi the junction. Whcie the deformed junction is being placed in a 
hig^ devisUed wellbore or a horizontal wellbore, however, setdown wdgjU might not 
be sufficient to force the swage device tfaroue^ die junction. Inttiisevent»oneofs]dQ 
in tfie art wiU recognize the hydrauUcpn>cedure alternative to setdown weight This 
hydraulic i»oceduie includes an expansion joint located above the swage device^ a drill 
tube andior located above flie expansion joints and a ball seat located bdbw tiie 
expansion jomt such tfutt by droppmg a ball, pressure can be applied to flie tubing 
string* This applied pressure forces the expansion joint to expand downhole^ which in 
turn forces the swage device through the junction. Expansionjoints are wdl known in 
the art, as arc anchors and ball seats. 

As also will be recognized by one of ordinary skill in the art, there is a 
significant drawback to the prior art swaging devices. The metal of the junction has a 
certain amount of resilience such that after die swage device has been forced through 
the junction, reforming the same, the junction itself will rebound to a smaller ID than 
the OD of the swage device by several thousanddis of an inch. Because of the rebound 
it requizts nearly as much lifting force on the swage device to remove it from the 
wellbore as is needed to initially force the swage through the defonned junction. This 
can be as much as 100,000 pounds. Aldiough a drilling rig can easily pull ten times this 
Wright, in a highly deviated or horizontal wellbore, the friction created on the curvature 
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of the well can be hi^ enough to absoib alljof the force impaited at the sur&ce and 
leave none available for the fiwage. Thus, tjic tool is stuct The amount of force 
nccessaiy to pull the swage fluou^ the newly refonned junction can also be sufficient 
to damage other well tools or junctions. Suph damage can of course cost significant 
sums of money to repair and require significjant time both to diagnose and to repair. 
Thus, die art is in need of a swage device thjit does not carry the drawbacks of the prior 
art. 



The above^identificd drawbacks of t^e prior art are overcome or alleviated by 
the flexible swage device of the inveotiorL j 

The inventioa avoids die above set f^ith drawback by creating a two-part swage 
device comprising a siqiport and a swage cu^. The siqiport is engaged with the swage 
ciq> during the swaging operation. The swa^e cup is moveable such diat after the 
swaging operation is complete, die swage cu^ can be moved to a position whm it is 
unsupported by die siqqport and is therefore ^owed to deflect sevend diousandlhs of an 
inch toward the mandrel. This deflection wijisigmficanttyrediKse drag on die swage 
cup dirou^ die reformed junction (and ai^ fiber junctions uphole of the subject 
jimction) during removal oftbe swage device from die wellbore. hian alternate 
cndiodiment» die swage cup contains longitujUnal slots cut into it to impart inoeased 
flenbiliry characteristics to the swage C19. ihe flexible swage device of die invention 
is enqiloyable in phice of a conventional swa^, die function of which being fiflly 
assimilated in the invention. 1 



Refenihgnow to die drawings whei^ like dem^ are numbered alike in die 
several FIGURES: 

HGURE 1 is a side view of die invenjion in die swi^e position; and 



HGURE 2 is a ride view of me inwition TrtMTBin flie swage as» has 
sheared to a seeond iwdtioD, which is the retrieving 

nOURE 3 isaeioss sectioo view ofa second embodiineBt of the invention; 

HGURE 4 is a perspective view of tiie swage ciq); and 

HGURE 5 is a perspective view of an alternate emhodiment of the swage cup. 



Hefeiring to Figure 1. a flexible swage in the swaging position is shown 
gcnerallyatlO. The invention is fllustrated mounted on a mandrd 11 by a regular 
threadedconnectionl2andapluralityofsetscrew5l4. Each set soew 14 is received 
in a groove 1 6, the combination of which with screw thread 1 2 prevents movement of a 
support 18. Support Igispreferablyafittstooonicalamnilardementofasinglepiece 
ahhou^ninltiplepiecescouldbensedtoacbievetberesultoftheinvcntion. Support 
Wis provided with at least one port 20 (Feferably several ports 20) that eritssu^ 
18 uphole ofa point of contact of the swage device with the imier waU of a junction 
bemgdeformed (not shown). Port 20 also intersects a bore 22 ofwhich there may be 
several and preferably win be as many as there ate ports 20, which extends through 
supportl8toadownholeend24tbereof. Bore 22 U open to ammlar space 26 as - 
iUustrated. As should be understood, there may be several bores 22 that open into 
annular space 26. Support 18 can be seen in the drawing (Figure 1) to matingly receive 

and suppwt a swage member 27. 

Refcning now to Figure 4. one embodiment of the swage member of the 
invention is shown sq,aratcly from other components of the invention. Tbc swage 
member is numeralled 27. Swage member 27 comprises a swage cup 28 and a swage 
base 30andisafrustocomcal annular dementprefetablyofasinglepiece. Alternately, 
multiple pieces could be used to form swage member 27. In either case, swage cup 28 
extends upwardly and outwardly fiomswagecupbase 30. A hole 29 extends axially 
trough swage cup 28 and swage cup base 30 and is of a Size sufficient to allow swage 
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member 27 to receive mandrel 1 1. An \sp}^o\c end 33 of swage cup 28 is substantially 
hoUowed out and configured to matingly ajccomtnodatc suppcwt 18, tbereby preventing 
the deflection of die outer perimeter of switge cup 28 toward mandrd 1 1. 

Turning now to Figure 5, an altcm^e embodiment of the swage member of the 
invention is iUustratcd gwicraUy at 227, ijiis alleroate embodiment comprises swage 
cup 228 and swage cup base 230. Swageaup228isstillofagenendlyfiustoconical 
shape and is still preferably fabricated finocji a single piece of material, as in the iwwious 
embodimoit However, swage cup 228 cojitains a plurality of longitudinal slots 23 5 cut 
therein and extending towaid swage cap ht se 230. Slots 235 render swage cup 228 
more flexible than the first described cmbodimrait. The greater flexibility, it will be 
understood, is due to fhe kecf width of slot^ 235. Since it is possible durii^ 
compression of swage cup 228 to "close" tjie kerfof slots 235, a greater reduction in 
the outside diameter of swage cup 228 is aijhievable. Slots 235 make retrieval of the 
tool easier without oompromisii« the swa^g action of Ae tool in the first instance. 

Referring 1)ack to Figure I , swage cbp base 30 includes bore 32 open on a 

downholc end 34 of swage ciq> base 30 to ^e wcB fhad downhole of a con^ 
of swage cap 28 wifli Ae inside dunoision pf a defomiable junction 33 (shown in 
phantom lines). Bm 32 extoids to an uph^le end 36 which communicates with 
annular space 26. Annular space 26 rasurcf communication between bore 32 aiid bore 
22 Aus cflfccting through-passage of well flpids fiom below contact area 31 of swage 
cup 28 wiA the indde dimmdon of defimnable junction 33 (effectively a metal-to- 
metal seal) to the outlet ofport 20 above CO itact point 31. A means for fluid flow 
(such as bore 22) throu^ swage 10 is nece^jaiy to provide an ouflet fb^ 
fluid pressure downhole of swage cup 28. ijy providing a bore through swage cup 28. 
Ae conditions allowmg for Ae formation ofj Ais hydraulic lock under swage cup 28, 
v*ich would oAerwise hinder and possibly jnevcnt movement of swage 10 throu^ Ae 
junction, are defeated. j 

Swage cup 28 and swage ci^ base 3^ are located on mandrel 1 1 by shear screws 



38 only. Sw^e 09 28 aiuIswBge cup base 30 are piefaAfy a single annular 
component that is slideable along mandrel II. Therefiwe. some means of holding 
swage aq> 28 and 8vw«e ci5> base 30 fa the swaging poshion on sqiport 18 is needed 
f« file invention to functiwi as intended. One embodiment of such means is Unoujji 
the nse of shear screws 38, which are lecdved in groove 40. It wiU be recognized by 
one of oidfaaiy skiU fa the art that «i»ce shear screws 38 are the only means in this 
embodiment which hold swage cup 28 and swage cup base 30 m place, swage «q» 28 
and swage cup base 30 may rotate 360' around mandrel 1 1 relatively fieely. The 
agnificance of annular space 26 then is to ensure that bore 32 is m fluid 
communication wifli bore 22 regaidless of die orientation swage cup 28 and swage cup 
base 30 have idative to support 18. 

hi Ae conation shown fa Figure I, one of wdinaiy skill m die ait will 
appreciate that as swage 10 is forced downhole, it wiU iiuite eflectivdy lefo^ 

defiamed junction similaily to prior art swages. Once the refonnation is complete and 
it is desirable to remove swage 10 fiom the weilbore, an upward pun is necessary. 
IteJisring now to Figure 2. upon pulBngtotoolfatheupwaid directs 
swage cup 28 will contact the inner walls of the junction due to the resiUence of the 
junction as discussed hereinbefore. Ihe pressure on point 42 wiU tend to prevent swage 
10 fiom moving uphole. This force is translated through swage cup 28 and swage cup 
base 30 to screws 38, which wiU then shear under that fiMCC. OneofskUlmtheartwill 
lecognize that the particular amount of force required to shear screws 38 k 
eogineeiabie fa advance and should be matched to an appropriate amount of force to 
indicate that withdrawal of the tool is desired. Upon shearing of screws 38, swage cup 
base 30 and swage cup 28 move downhole until downhole tad 34 of swage cup base 30 
is fa contact with an uphole end 44 of a swage stop 46. It should be briefly noted at this 
point that swage stop 46 is connected to mandrel 11 via a regular thread 48 and a 
plurality of set screws 50. Swage stop 46 further incfades an o-ring 52 to seal swage 
stop 46 against mandrel 11. 



Upon shifting swage cup 28 and swige cup base 30 downhole into contact with 
uphole end 44 of swage stop 46, a gap 54 is! fonned between swage cup 28 and support 
18. Because of g^ 54, continued pulling op swage 10 causes swage cq[> 28 to deflect 
inwardly toward mandrel 11 to a degree \*iiich is suffidait to allow swage member 27 
to slide tfarou^ the junctim. The dcflectio^ of swage cup 28 is typically several 
thousandths of an inch. Gap 54 maybe as s^all as sevml thousanddis of an incb, or it 
maybe larger. Tbc deflection of swage 28 irill mcrdy be what is necessary for swage 
10 to move thiou|^ &e junction at a signifi^tly reduced force as it is being 
withdrawn from flie well. 

In a second embodiment of Ac invciition, rcfaring now to Figure 3, the general 
mode of opwation of the swage remains thc;same. but the way in whic* it is carried out 
is slightly different Since each of the comppnaits of this embodiment is slightly 
different flian each of their counterparts in tlje first described cmbocfimcnt, new 
numefals are used for each. 

A mandrel 1 1 1 siq)ports a swage 1 1 which is activated through the movement 
ofmandrel 111. In the running position (sh(jwnX a swage ring support 114 is in 
position to suppwt a swage ring 116, Both ^age ring support 114 and swage ring 116 
in this embodiment '*float" on mandrel 111 0.e., they are not attached to mandrel 111). 
At the qphole end ofmandrel 111, swage rin^ support 1 14 is prevented from moving 
further i^bole by a retaining ring 118. Rctaijung ring 11 Sis threadedly connected to 
mandrel lllbyatfaread 120 and prevented ^om moving on thread 120 by at least one 
set screw 122. which is received in a groove J24. In a preferred embodiment, mandrel 
1 1 1 is ^turned down" to form a shoulder I26;extending to the downhole end of swage 
1 10 and is configured such that retaining rin^ U8 firmly abuts shoulder 126. 
Configuring mandrel 1 1 1 to contain draulder] 126 provides more aimular space between 
the "turned down- surfice of mandrel 1 1 1 ai^ the bordiole or junction so that thicker 
swage components maybe used. The 'turn djtiwn" of shoulder 126 also lends extra 
stability to retiuniiig ririg 1 18. 



Swage suppmt 114 abuts letaining ring 118 at inteifice 130 and iochides fluid 
bypass 132. Siqiportfbr swage ring 116 is along mtofice 134. As a umt, support 114 
and swage ring 1 1 6 fUDCti(m as tbw countetpnts did in dM i»evious coob^^ 
indeed as do du>se of die prior art to lefinm a defoimed junction. KiswdtfaOierecovay 
of swage 1 10 that its uniqae consttuction is evident and benefidaL It should be noted 
that swage ring 1 16 indudes at least <Hie fluid bypass conduit 138 diat conununicates 
widi an annulus 140. 

Downhole of swage ring 116 is a diearring 142. Swage ring 1 16 abuts diear 
ring 142 at interfece 144. Shear ring 142 is prevented from longitudinal movenwit on 
mandrel 1 1 1 by a plurality of shear screws 146, «*idi extend mto groove 148 on 
mandrdlll. Shear ring 142, togeUjer with letataing ring II 8» maintains swage ring 
8i9poctll4and8wageringll6indie(veradveiunmngandref«iningpoati^ It 
dioold be noted that slots ISO are prcmded on boA the uphole and downhole sides of 
shear ring 142 m a piefened embodonent While only the uphole end of shear ring 142 
raqmres slots 1 50 to allow fluid bypass, placing slots 1 50 <m boA ends avrnds ttie 
possibility <bat swage 1 10 might be assembled backwatds. 

At Ae downhole end of swage 110 b Figure 3 O*-. the ri^ side of tfie 
drawing), a dual function iiose swage 152 is thieadedly attached to man^ - 

duead 154 and lodced in place by at least one s« screw 156 recdved in groove 158. 
Nose swage 152 acts to prevent diear ring 142 ftom felling off the end of mandrel 111 
after shear screw(s) 146 are sheared and also acte as a pre-refomung swage to open 

tigjhtly deformed junctions. 

h die <q>eiationaI condition, with shear scrcw($) 146 intact, die space between 
uphole end 160 of nose swage 152 and downhole end 162 of shear ring 142 is 
prefendily sufficient to aUow full shearing of shear screw(s) 146 by displacement of 
shear ring 142 in die downhole direction before die noted surfaces touch. This prevents 
a partial shearing condition which may impede performance to some degree. The partial 
shearing, however, should not completely prevent swage 110 from perfoiming. 
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Once swage 110 hashes forced though thejunction being xefonned it ^ 
withdrawn or pulled uphole. lii dse event d)at the swage encounters significant 
resistance, the features of the invention wilj be set m motion. Since botb tlie swage ring 
support 1 1 4 and swage ring 1 1 6 are not coi|nected to mandrel 111, resistance provided 
by the defonned jimction is translated directly to shear screw(s) 146. At a 
predetermined amotmt of force, 8crew(s) 1^6 will shear and allow mandrel 1 1 1 to move 
upholc. At this point, support 1 14 has not tjeeo moved relative to swage ring 1 16. 
Thus, the Motional engagement therd>ctwe^ is rendered independent and not 
cumulative with ieq>ect to the amount of f<^ necessary to shear saew(s) 146. Upon 
the movement of mandrel 1 1 1 iq)hole, a snsjp ring 1 64 impacts a shoulder 1 66 on 
support 114 and will move st^port 114 out pf its siqjport position undw swage ring 
1 16. This, as in the previous embodfanent, ^ows swage ring 1 16 to flex, fher^y 
allowing swage 1 10 to be retrieved Lq prw^ce, the disenga^ment of stq>port 1 14 with 
swage ring 11 6 is assisted by a janing acti<^ diat normally results fiom the sodden 
shear of screw(s) 146, It should be noted, hj>wever, that a straight pull on swage 110 
would also dislodge support 1 14 from swage ring 1 16. The jamming action is a likely 
mode of operation; however, it is not a requjrod mode of operation. OvcixxMning the 
fiiction generated by fl exible swage ring 1 1 ^ being urged mto contact with sq)port 1 1 4 
as a festtit of contact between the swage rin^ 1 16 and ixmcr walls of the junction is all 
that is necessary. After shearing, swage rir^g 116 and shear ring 142 will rest on nose 
swage 152 while support shoulder 166 will ^ on snap ring 164. In this condition, 
sivport for swage ring 1 1 6 is not available apd it is free to flex allowing swage 1 10 to 
be recovered from the junction. Coimnonly^ the flexing that will occur is into a sli^t 
ovalshape. 

It should be q>preciated tiiat in both pibodiments of tiie invention the shear 
release or other release mechanism may not ^ used in all conditions. Swage 10 may 
pull throu^ the junction without needing to.W flexible. Because tiiesc tools 

! 

incorporate flie invention, tiie tools are tetriej^edwhetiier or not swage lOg^studcin 



the junction. If swage 10 does get stuck in the junction, shear sciew(s) 146 wiM shear 
continued pickup of swage 10 and swage 10 win opoate as heiwnbefi»ie <i^^ 

While piefcned embodiments have been shown and described, various 
modifications and subsdtutioos may be made diento. 
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CLAIM 1. A flexible swage for refonning a defamed juncdrai m a wdlbore 

comprisiag: 

a sqqxnt locatable on a mandrel; apd 

a swage member moveable oo said pandiel into a position when said member 
is siqqKHted by said support and a position jwbete said member is unsupported by said 
suppfot, said member being deflectable ^m in said unsiqiportedpositicm. 

CLAIM2. A flexible swage as claimed; in Claim l^^Aerein said swage member is 
rendered tenqwraiily imflexibk 1^ a defealpble condition. 

CLAIMS. A flatible swage as daimedjm Claim 2 wherein said defeatable member 
is at least one shear screw. 

CLAIM 4. A flexftlc swage as claimed^ Claim 1 whereiii said swage farther 
comprises a swage stop mountable to said rpandiel. 

CLAIM 5. A flexible swage as claimed Jn Claim 1 wherein said flexible swage 
further compnses a flow path through said ^appott and said member to allow fluids to 
pass through said flexible swage. : 

CLAIM 6. A flexible swage as claimed }n claim 1 wherein said swage member 
comprises a substantiaUy fiustoconically-shipcd element having a hole di^>osed axially 
dierethnnigh. said hole being dimensioned t^ receive said mandrel therethiou^ 
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CLAIM 7. A flexible swage as claimed in claim 6 ixdierem said swage member 
contains a plurality of slots longitudinany disposed theran. said slots in^Mrting 
flexibility characteristics to said swage member. 

CLAIM 8. A flexible swage as claimed in claim 7 ^efdn said swage member is 
filmed fiY>m a single piece of material, thereby making said base portion and said 
longitudinal elements a single contiguous member* 

CLAIM 9. A flexible swage as claimed in Claim 1 wherein said flexible swage 
fiirdber includes: 

an expansion sub located along said mandrel iqihole of said swage member^ 
an anchor iq>hole of said expansicm sub; and 

a ball seat located internally of said mandrel and downhole of sud expansion 

sub* 

CLAIM 10. A flexible swage as claimed in Clami 4 whetdn said stop is a pro- 
zefoimixig swage. 

CLAIM 11. A method for reforming a deformed junction for a wellbore comprisiiig: 
nrging a swage member sqiported by a support tiirough said junction; 
piddng up on said swage; 
defeating a defeatable member; 
unsupporting said swage mmber, and 

wiAdiawing said swage member and said support from said weDbore. 

CLAIM 12. Ametfiod as claimed in Claim 11 whcrcm said method further 
comprises deflecting said swage member. 
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CLAIM 13. A method as claimed in Clajm 1 1 whom said defeatii« is shearing. 

CLAIM 1 4. A method as claimed in Qa^ 1 1 whercb said defeating is a two step 
process. 

CLAIM 15. A method as claimed m Claim 14 wfaorein said two step process 
comprises shearing and overcoming ftictioii between said sappon and said swage 
memba. 

CLAIM 16. A method as claimed in Clai|n 1 4 wherein said two steps arc 
indq>endent. 
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